Experimental
Introduction
Coprecipitation is widely used for concentration of trace metals prior to various determination techniques including flame atomic absorption spectrometry. 1, 2 However, the coprecipitation is sometimes troublesome and time-consuming during filtration, which is frequently used for collection of precipitate. Some techniques such as flotation 2 have been used to alleviate the weak points; a rapid coprecipitation technique [3] [4] [5] is also one of the most useful ways. We have suggested that gallium phosphate is an excellent coprecipitant for the rapid coprecipitation technique prior to flame atomic absorption spectrometric determination of lead. 5 In this method, a known amount of gallium (Ga0 mg) is added to the initial sample solution and concentrations of both lead coprecipitated (Pb1 µg mL -1 ) and gallium (Ga1 mg mL -1 ) in the final sample solution after the coprecipitation are measured. The lead content (Pb0 µg) in the original sample solution can be calculated by following equation: Pb0 = (Pb1/Ga1) × Ga0.
(
This method does not require a complete collection of the precipitate; thus the time required for preconcentration by the coprecipitation is considerably shortened. The coprecipitant used for the rapid coprecipitation technique has to satisfy the following requirements; 3-5 the amount of coprecipitant in the original sample solution must be negligibly small, the added coprecipitant must precipitate completely, and the amount of coprecipitant in the final sample solution must be determined readily. In addition, the coprecipitated metals must also be homogeneously distributed over the whole precipitate. Gallium phosphate satisfies these conditions in the flame atomic absorption spectrometric determination; 5 however, many of the coprecipitants proposed until now cannot easily be applied to the rapid coprecipitation technique combined with flame atomic absorption spectrometry.
We previously suggested that lanthanum phosphate is a useful coprecipitant for iron(III) and lead. 6 In this work, we investigated ways to apply lanthanum phosphate to the rapid coprecipitation technique in the flame atomic absorption spectrometric determination of iron and lead. The determination of lanthanum in the final sample solution was difficult by flame atomic absorption spectrometry using air-acetylene flame which was generally used in iron and lead determination. 7, 8 Thus lanthanum phosphate did not satisfy the requirements for the coprecipitant of the rapid coprecipitation technique for the flame atomic absorption spectrometry. However, this problem could be solved by applying an internal standardization with indium as an internal standard. The amount of the coprecipitant in the final sample solution could be estimated by measuring the amount of indium which was added together with lanthanum in the initial sample solution. Lanthanum phosphate satisfied the other requirements and gave good results. This method proposed here has been successfully applied to the determination of iron and lead in some water samples.
Hamamatsu photonics) was used for measurements. The operating conditions are as follows: analytical wavelength: 248.3 nm for iron, 283.3 nm for lead, and 451.1 nm for indium; lamp current, 7.5 mA for all the elements; flame type, air-acetylene; air and acetylene pressure, 0.02 and 0.16 MPa, respectively; background correction, D2 method for iron and lead.
For the introduction of the sample solution, a microsampling technique was utilized (injection volume, 300 µL). The measurements of both lanthanum and indium were also carried out by using a Perkin Elmer Optima 3000XL inductively coupled plasma atomic emission spectrometer at 379.478 nm and 230.606 nm, respectively.
The pH measurements were carried out with a Horiba Model N-8F ion meter equipped with a combination pH electrode (Horiba Model 6328-10C). A Kubota Model 5400 centrifuge was used for separation of precipitate.
Reagents
A lanthanum solution (5 g L -1 ) was prepared by dissolving 99.99% of lanthanum(III) oxide (Nacalai Tesque) in 25 mL of concentrated hydrochloric acid and diluting to 500 mL with distilled water. Commercially available 1000 mg L -1 iron(III) (0.2 mol L -1 nitric acid), lead (0.1 mol L -1 nitric acid), and indium (1 mol L -1 nitric acid) solutions (Kanto Chemicals) were used for the standard solutions of these metals. All the other reagents used were of guaranteed reagent grade.
Recommended procedure
To 100 mL of the sample solution containing 0.2 -30 µg of iron(III) and 0.5 -40 µg of lead in a Nalgene 175 mL polystyrene conical centrifuge bottle, 2 mL of the lanthanum solution, 3 mL of 0.5 mol L -1 phosphoric acid, and 250 µg of indium are added. The pH of the solution is adjusted to about 3 with about 7 mol L -1 ammonia solution. After the mixture stands for about 5 min, the precipitate formed is centrifugated at 3500 rpm for 5 min and then dissolved with 5 mL of about 2 mol L -1 nitric acid. The atomic absorbances of iron, lead, and indium are consecutively measured under the operating conditions described above. Since the rates of the atomic absorbances of iron and lead to that of indium are proportional to the amounts of iron(III) and lead in the initial sample solution, the contents of iron(III) and lead in the original sample solution can be determined by using the internal standardization with indium.
Results and Discussion

Optimum conditions for coprecipitation of iron(III) and lead
The optimum conditions for the coprecipitation of iron(III) and lead with lanthanum phosphate were examined. In this investigation, the precipitate formed was filtered by suction using a membrane filter (Nihon Millipore, Omnipore membrane, pore size 0.2 µm).
Lanthanum phosphate coprecipitated iron(III) and lead quantitatively over a wide pH range, as shown in Fig. 1 . Almost 100% recoveries of iron(III) and lead were obtained within 5 min after the formation of lanthanum phosphate and the amounts remained almost constant upon standing for at least 24 h. The amount of lanthanum required for the quantitative coprecipitation of iron(III) and lead was more than 5 mg for 100 mL of the sample solution. The amount of phosphoric acid required for the coprecipitation was more than 0.1 × 10 -3 mol for the same solution volume. For dissolution of lanthanum phosphate, nitric acid was used because almost constant atomic absorbances of iron and lead were obtained over a wide acid-concentration range of 0.4 -3.2 mol L -1 in the final sample solution.
Application of internal standardization to rapid coprecipitation technique using lanthanum phosphate
In the rapid coprecipitation technique, the amount of coprecipitant in the final sample solution after the coprecipitation can be determined readily because the contents of desired metals in the original sample solution are calculated based on the ratio of the added amount of coprecipitant to a part of the amount of coprecipitant precipitated (Eq. (1)). The determination of lanthanum was difficult by flame atomic absorption spectrometry using the air-acetylene flame that was generally utilized in the iron and lead determination. However, this problem could be solved by adding indium exactly to the 924 ANALYTICAL SCIENCES AUGUST 2002, VOL. 18 phosphoric acid. Fig. 2 Relation between the amount of lanthanum and that of indium in the final sample solution after the coprecipitation. The coprecipitation was carried out using 100 mL of sample solution containing 250 µg of indium, 10 mg of lanthanum and 3 mL of 0.5 mol L -1 phosphoric acid at pH about 3. Lanthanum and indium were determined by using inductively coupled plasma atomic emission spectrometry.
initial sample solution together with lanthanum and phosphoric acid and then measuring the amount of indium in the final sample solution. Indium as well as iron(III) and lead could be quantitatively coprecipitated over a wide pH range (Fig. 1) . Figure 2 shows the relation between the amount of indium and that of lanthanum in the final sample solution after the coprecipitation. In this experiment, the precipitate was formed in 100 mL of sample solution containing 10 mg of lanthanum, 1.5 × 10 -3 mol of phosphoric acid, and 250 µg of indium at pH about 3. Part of the solution was discarded by decantation before separation of precipitate using filtration; the amounts of lanthanum and indium in the precipitate were determined using inductively coupled plasma atomic emission spectrometry after dissolution of the precipitate with nitric acid. Since a straight line through the point of origin was obtained, the amount of lanthanum in the final sample solution could be estimated by measuring the amount of indium. As shown in Fig. 3 , the amounts of iron(III) and lead gave good correlations for the amount of indium in the final sample solution. These results suggest that the coprecipitated iron(III), lead, and indium are homogeneously distributed over the whole precipitate and that indium can serve as an internal standard on the determination of iron(III) and lead after the coprecipitation with lanthanum phosphate.
When the internal standardization is applied to the rapid coprecipitation technique, not the coprecipitant but the internal standard has to satisfy the three requirements which must be satisfied by the coprecipitant used for rapid coprecipitation technique. The content of indium in environmental water is very small in general. 9, 10 However, if the indium content in the sample solution such as waste water is not negligible, the amount of indium should be determined before the determination of iron(III) and lead. In all of the sample solutions used in our experiments, indium was not detected. Indium satisfied the other requirements; indium could be quantitatively coprecipitated with lanthanum phosphate as described above and the coprecipitated indium could be readily determined by flame atomic absorption spectrometry using air-acetylene flame at 451.1 nm. These results prove that the rapid coprecipitation technique using lanthanum phosphate combined with the internal standardization with indium can be applied to the preconcentration of iron(III) and lead for their flame atomic absorption spectrometric determination.
For the separation of precipitate, a centrifugation technique was conveniently utilized. 5 In this procedure, the precipitate was centrifuged at 3500 rpm for 5 min using a Nalgene 175 mL polystyrene conical centrifuge bottle. When only a 50 mL centrifuge tube can be used, the supernatant solution can be discarded by decantation before the centrifugation.
Calibration curves
The relation between the ratios of the atomic absorbances of iron and lead to that of indium and the concentrations of iron(III) and lead in 100 mL of the initial sample solution was investigated. Straight lines through the point of origin were obtained over the concentration ranges of 2 -300 µg L iron(III) and 1.04 µg L -1 for lead in the initial sample solution.
Interferences
The influence of 17 diverse ions on the determination of 20 µg of iron(III) and 8 µg of lead was examined according to the recommended procedure. As shown in Table 1 , iron(III) and lead could be recovered within 5% error in the presence of large amounts of potassium, magnesium, calcium, chloride, or sulfate. The other ions tested did not cause serious interferences in the determination.
Recovery of iron(III) and lead from spiked water samples
Using the recommended procedure, the recoveries of iron(III) and lead from some water samples spiked with 5 or 20 µg of iron(III) and 8 µg of lead were examined. The samples were previously filtered through a membrane filter (Nihon Millipore, pore size 0.45 µm). As shown in Table 2 , 94.0 -101% of iron(III) and 94.7 -102% of lead spiked could be recovered within the relative standard deviation ranges of 0.1 -3.8% and 0.5 -2.5%, respectively. These results suggest that the proposed method is applicable to the analyses of these samples.
Determination of iron and lead in some water samples
Based on the results mentioned above, the determination of iron and lead in some water samples was tried. The samples were filtered as soon as possible after sampling and then boiled for a few minutes with hydrochloric acid 11 before the coprecipitation. The results obtained by the calibration and the standard addition methods were in good agreement with each other, as shown in Table 3 . The time required for the determination of both iron and lead was about 30 min.
Conclusions
Lanthanum phosphate as a coprecipitant could be used for the rapid coprecipitation technique for the flame atomic absorption spectrometric determination by applying the internal standardization with indium as the internal standard. This coprecipitation technique using lanthanum phosphate was available for the preconcentration of iron(III) and lead in some water samples.
By the application of the internal standardization to the rapid coprecipitation technique, the internal standard needs to satisfy the conditions required for the coprecipitant used. However, this may suggest that a variety of the coprecipitants proposed until now can also be applied to the rapid coprecipitation technique by selection of an appropriate internal standard. 
